An integrated high resolution study based both on a seismostratigraphic approach and on a sedimentary core (VIB 10), collected in the outer shelf (127 m depth) from the southern Tyrrhenian Sea (Gulf of Termini, Sicily), provides new data about climatic, eustatic and paleoenvironmental changes during the last w41,000 years. The results based on the interpretation of a seismic profile, on benthic foraminifera assemblages and on d
Introduction
Global sea-level changes can be determined by several factors, including large-scale geological processes (plate tectonic movements which produce variations in the capacity of sedimentary basins), astronomical and sub-Milankovian cycles (Schulz, 2002; Caputo, 2007) . Tectonic activity can also contribute to relative sea-level changes. As well, sedimentary inputs can influence relative sea-level changes, inducing lateral variations in coastal environments causing transgressive/regressive cycles (Trincardi and Field, 1991) .
During the middle and the late Pleistocene, Milankovitch cycles induced climatic alternations of glacial and interglacial periods with the consequent expansion of the ice sheets and the cyclical abrupt fall of global temperatures and the sea-level, even if subMilankovian cycles also contributed to drastic short climatic changes (Schulz, 2002) . During interglacial periods, the increase of global temperatures caused the ice caps to melt and consequentially the sea-level to rise. The reconstruction of sea-level history through time can be carried out by using several sea-level markers, such as depositional indicators (analysis of notches, beach/lagoon, beach rocks, marine terraces transition deposits or backshore/foreshore deposits), erosional indicators (marine terraces or tidal notches) and biological indicators (i.e. lithophagus holes or coral reefs) (Bard et al., 1996; Antonioli et al., 1999) , or submerged speleothems in coastal areas (Alessio et al., 1996; Antonioli et al., 2001) , and submerged archaeological remains (Pirazzoli, 1976; Antonioli and Leoni, 1998) . Furthermore, it is now established that oxygen isotope records of marine carbonate organisms represent a reliable tool for the reconstruction of relative variations of sea water temperature, as well as variations in ice volumes. Several authors have hypothesized that d
18
O fluctuations of 0.1& correspond to variations of about 10 m in the sea-level (Shackleton and Opdyke, 1973; Chappell and Shackleton, 1986; Hodell et al., 2002) . Because local factors such as evaporation and dilution can interfere with the global isotopic signal, different conversion values were proposed (Fairbanks and Matthews, 1978; Labeyrie et al., 1987; Schrag et al., 1996; Waelbroek et al., 2002) . Bintanja et al. (2005) concluded that variations in the marine isotope d
18 O records cannot be linearly converted into sea-level changes (see a complete review in Caputo, 2007) . According to Lambeck et al. (2004) , sea-level is the sum of eustatic, glacioehydro-isostatic, and tectonic factors.
The last w41,000 years of Earth climate history have been characterized by an alteration of warm and cool periods; among these, the major abrupt cold events were the Last Glacial Maximum (26e19 ka) ; and the Younger Dryas (w12,800e11,600 BP; Severinghaus et al., 1998; Stansell et al., 2010) . Other shorter fluctuations towards cooler climatic conditions have been described, first in sediments from the North Atlantic, and are known as Heinrich events (Heinrich, 1988; Grousset et al., 1993; Bond et al., 1997; Hemming, 2004; Moreno et al., 2008) . These climate events were also identified both in sedimentary marine cores from the Mediterranean basin Pérez-Folgado et al., 2003) and in Greenland ice cores (Dansgaard et al., 1993; Grootes et al., 1993) . The warmest periods of the last w41,000 years are known as BøllingeAllerød (w12,800e14,600 years ago) and Climatic Optimum, even if other minor warm shifts, followed by gradual cooling over a longer period when DansgaardeOeschger events (Dansgaard et al., 1993; Schulz, 2002) alternated with Heinrich events (Bond et al., 1997) .
Since climatic reconstructions of the last 130 ka have become increasingly accurate, the recent literature has become richer and richer in studies focused on the reconstruction of sea-level curves by using different methodologies, such as high resolution seismostratigraphic analysis (i.e. Sacchi et al., 2009; Wright et al., 2009) , the study of upper Quaternary terrace deposits (Nardin et al., 1981; Lambeck and Chappell, 2001) , and radiometrically calibrated sediment cores from the Pacific Ocean (Bard et al., 1996) , Red Sea (Siddall et al., 2003 (Siddall et al., , 2009 ) and the central Indian Ocean (Kench et al., 2009 ).
In particular, Siddall et al. (2003) estimated important variations of the sea-level during the last 130 ka that were related to abrupt climate changes. These changes are generally induced by astronomical forcing, so that the highest rises occur in coincidence with insolation/eccentricity maxima, whereas sea-level falls coincide with insolation/eccentricity minima (see Shackleton, 1987 Shackleton, , 2000 . According to Wright et al. (2009) , ate35 ka along the New Jersey Margin, the sea-level was 60e80 m lower than today, with a major fall (À120 m) recorded between w18 and 21 ka. From 18 ka the sealevel rose quickly because of the increase of Earth's mean temperature which caused the ice caps to melt (Siddall et al., 2003) . Between w18 and w20 ka, Lambeck et al. (2011) estimated, along the northern part of Sicilian coast (Tyrrhenian Sea), a sea-level fall of 106 and 115 m, respectively. The authors proposed that after the LGM, between w15,000 and 9000 years, the sea-level rose quickly. Unfortunately today no clear quantification exists about the sea-level variations during the BøllingeAllerød and the Younger Dryas periods.
For paleobathymetric reconstructions, micropaleontologists largely use benthic foraminifera because they provide environmental and ecological informations on the bottom waters (Murray, 1973; van der Zwaan et al., 1990; Jorissen et al., 1992; Scott et al., 2001; Kouwenhoven et al., 2003; van Hinsbergen et al., 2005) . Each species prefers particular environmental conditions; for instance, Ammonia spp., Elphidium spp. and Nonion spp. prefer to live in the inner shelf. They are part of a genus that tolerate salinity variations well and are abundant in front of river mouths (Murray, 1973; Sgarrella and Moncharmont Zei, 1993; Sen Gupta, 1999) . Epiphytic forms (i.e. Asterigerinata spp. and Lobatula lobatula) are abundant in the photic zone where coralligenous and seagrass biocoenosis are present (Langer, 1988; Sgarrella and Moncharmont Zei, 1993; Sen Gupta, 1999) .
This article documents the climate and sea-level history of the last w41,000 years in the southern Tyrrhenian Sea. This study is based on the reconstruction of a stratal pattern, as revealed by seismostratigraphic analysis, benthic foraminiferal assemblages and oxygen isotope records of benthic foraminifera.
Geological background
The sedimentary core was collected in the north Sicilian continental shelf (Fig. 1A) , offshore Termini Imerese. The north Sicily continental margin (Gulf of Termini) occurs in the southern Tyrrhenian Sea, extending, from south to north, from the coastline of north Sicily to the Marsili Abyssal Plain (Pepe et al., 2005) . The Gulf of Termini, 43 km in length, is bordered by the Zafferano Cape to the west and by the Cape of Cefalù to the east. Posidonia oceanica seagrass meadows are present along the inner shelf of the western and central part of the gulf (CEOM, 2002) . Fig. 1B shows sedimentological features and a littoral biocoenosis of the sea-floor. The shelf is 2e8 km wide, with a slope gradient of about 1.5 . The depth of the shelf margin ranges from 120 to 135 m (Agate et al., 1998) .
The sedimentary multilayer is composed by a middle Miocene to lower Pliocene tectonic edifice pertaining to the Sicilian segment of the ApenniniceMaghrebian chain, covered by less-deformed NeogeneeQuaternary cover (Catalano et al., 1996) . NWeSE-to EeWtrending normal faults, late Miocene in age, partially dissected the tectonic wedge to form extensional basins (such as the Cefalù Basin), filled by evaporitic, clastic and pelagic MessinianePleistocene deposits. Small-scale thrusting formed during the Middle Pliocene in the Cefalù Basin (Pepe et al., 2003) , also responsible for the formation of minor intra-slope basins, while stretching mainly affected the margin during the middleelate Pliocene, causing normal faulting (Fabbri et al., 1981; Barone et al., 1982) and crustal thinning (Pepe et al., 2000) . During the Pleistocene, EeW-to NEeSW-trending normal faults were quite common and exerted a control on the morphology of the shelf and coastal areas. Minor strike-slip Pliocene to Pleistocene structures are recognized in the eastern sector of the margin (Nigro and Sulli, 1995) .
In detail, the Quaternary deposits consist of clastic and terrigenous deposits over the shelf and the upper slope, whereas in the basinal areas hemipelagites are locally intercalated with volcanoclastic sediments (Pepe et al., 2003) . The Quaternary succession in the shelf can be divided into depositional sequences of variable thickness and internal geometries bounded by unconformities. Their origin is related to PleistoceneeHolocene sea-level changes (Agate et al., 1993 (Agate et al., , 2005 Catalano et al., 1998) , even if local uplift causes the systematic non-preservation of portions of the oldest sequences (Pepe et al., 2003) .
Materials and methods

Multi-beam and seismic profile
The physiography of the area was depicted by means of Multi Beam Echo Sounder (MBES) data, acquired along the shelf to slope sector with a cell of 5 m. The processed data provided a high resolution three-dimensional image of the sea-floor (Fig. 2) .
A set of single-channel seismic reflection profiles provided high resolution data of the sedimentary succession deeper than 200 m below the sea-floor. The seismic source was a multi-tip sparker array which provided high resolution data maintaining a good penetration. Processed seismic data was interpreted by using seismostratigraphic analysis, which allowed depositional units characterized by seismic facies with different attributes to be distinguished (Fig. 3) .
Lithological description of the VIB 10 core
A sedimentary vibracore (VIB 10 Core, 353 cm in length) was collected in the outer shelf of the Gulf of Termini (Cefalù Basin) at a water depth of 127 m (38 03 0 57.7290 N; 13 39 0 57.8998 E) (Fig. 1) . On the basis of lithological features, the core was subdivided into three different lithofacies (Fig. 4) . In the first lithofacies (I), from the top to 180 cmbsf, sediments were mainly constituted of homogeneous yellowish mud. The second (II), from 180 to 233 cmbsf, was characterized by the presence of three sandy layers (a, b and c) containing rounded grains and granules intercalated within grey mud. Layer "a", between 180 and 184 cmbsf, was rich in organogenic detritus, i.e. molluscs in their living position, fragments of echinoids and individual corals (genus Flabellum). Layers "b" and "c", between 202e216 and 228e233 cmbsf respectively, contained fragments of molluscs, echinoids and bryozoans; here, rounded grains and granules were common. The third lithofacies (III) of the core, from 233 to 353 cmbsf, was constituted of grey mud. For sampling, the core was sliced every 2 cm providing 174 samples that were studied for sedimentological, micropaleontological and isotopic analysis.
Granulometric and benthic foraminiferal analysis
For each sample, the wet sediment was oven-dried at 80 C. The dried sediment was weighed and washed through a 63 mm sieve. The residual fraction was oven-dried again at 80 C and weighed to obtain, by difference, the percentage of mud (silt þ clay); on this fraction benthic foraminiferal analyses were carried out. The sediment was split into smaller aliquots, weighed, and all benthic foraminifera were identified and counted. Foraminiferal species were determined using the taxonomic classifications of AGIP (1982), Loeblich and Tappan (1988) , Cimerman and Langer (1991) , Sgarrella and Moncharmont Zei (1993) . About 80 species were recognized, but here only a few species are discussed; they have been selected in relation to their specific environmental characteristics and according to the purpose of this study. To better show how benthic foraminifera can be used as proxies in the reconstruction of sea-level fluctuations (van Hinsbergen et al., 2005 and reference therein), percentages of abundance of species typical to the inner shelf were grouped (i.e. Ammonia spp., Elphidium spp., Miliolids, L. lobatula, Hanzawaia boueana, Planorbulina acervalis, Asterigerinata spp., Rosalina spp.), reported as "shallow water species". Bolivina, Bulimina and Uvigerina (Bul þ Bol þ Uvi) were also placed together, as they are generally abundant in the outer shelf. In the sandy layers (a, b and c) benthic foraminiferal tests were generally well preserved, even if in a few layers, a few individuals, belonging to Adelosina spp., showed pyritized and encrusted tests.
Benthic foraminiferal oxygen isotope records
Stable isotopic analyses were performed on the species Melonis padanum. For each sample, about 8e10 specimens were handpicked from the fraction greater than 63 mm and analyzed on an ISOPRIME Dual Inlet Isotopic Ratio Mass Spectrometer at the Laboratoire d'Oceanographie et du Climat (LOCEAN) of the University Pierre and Marie Curie (Paris). Only 3e4 specimens were analyzed and, 40 samples were re-picked and re-analyzed in order to assess the reproducibility of the individual isotopic measurements. Oxygen isotope compositions are expressed in & versus VPDB (Vienna Pee Dee Belemnite standard).
Radiocarbon dates and age model
The age model of the core was based on radiocarbon chronology (4 samples) and on oxygen isotope stratigraphy. Radiocarbon ages for 3 samples were determined through the accelerator mass spectrometry (AMS) of benthic foraminiferal test at the Laboratoire de Mesure du Carbone CEA, Saclay (Paris). About 2e4 mg of dry samples were used for AMS measurements. Radiocarbon age for 1 sample was determined on an individual coral, by the conventional method using a liquid scintillation counter at LOCEAN (Paris) ( Table 1 ). The Radiocarbon ages were calibrated to calendar years before the present (cal BP) using the software CALIB 6.0. (Stuiver et al., 2009) , with Marine 09 dataset ; calibration used the maximum values exported by the CALIB program, and the 2-sigma error ranges along with the median ages from CALIB are reported in Table 1 .
The chronology of the core was supplemented by identifying some well-dated climatic events by comparing the d 18 O curve with the d
18
O records of the NGRIP ice core, as for instance the Greenland Interstadial (GI) present in the BøllingeAllerød (B/A) period (Mangerud et al., 1974) (Fig. 4) were correlated to the isotopic records of NGRIP (NGRIP Members, 2004) using calibrated radiocarbon ages as a tiepoint, implemented with the ages of the climatic events (i.e. Younger Dryas, BøllingeAllerød, Heinrich). An age depth model was constructed using median calibrated radiocarbon ages (Fig. 5A ) and another more accurate model was constructed using both YD, BA, and H events, and radiometric ages (Fig. 5B ).
Results
Seismostratigraphy
In the drilled shelf area, the margin is located at about 150 m and the Lowstand Prograding Complex is absent, although it is widespread in adjacent areas. The shelf has a high gradient, which is interrupted by a step with a displacement of about 4 m located at a depth of about 100 m. This structure is interpreted as the result of a near-vertical fault.
The high resolution seismic profile (Fig. 3) demonstrates that the PleistoceneeHolocene sedimentary successions consist of: a) a group of Pleistocene strata that dip seaward and represent the prograding sequences accreting the continental shelf. These strata are topped by a widespread erosional truncation linked to the last (glacial) sea-level fall; b) Holocene mainly aggrading strata, lying on the erosional truncation, representing the TransgressiveeHighstand Systems Tract of the last depositional sequence. These strata appear to be slightly deformed near to the sub-vertical fault described above. In this sector, the falling stage and low-sea-level deposits are nearly absent.
The age-dated core samples calibrated both the Upper Pleistocene deposits below the erosional truncation surface, and the Holocene deposits of the TransgressiveeHighstand Systems Tract. Inside the latter is a horizon, at w11.5 ka, which could be correlated with a minor sea-level fall, as demonstrated by the occurrence of sandy levels in the mainly marly deposits.
Retrogradational to aggradational geometries in the overlying deposits indicate that the transgressive to highstand systems tract, lying above an erosional truncation that could correspond to the ravinement surface, correlatable to the fossil-rich level in the Vib 10 core. (Fig. 4) . In lithofacies III benthic foraminiferal assemblages (Fig. 6 and Table 2) were dominated by significant abundances of Bolivina, Bulimina, Uvigerina and Valvulineria bradyana, while Asterigerinata was not present until w25 ka and when present (from w24.5 to w20.8 ka) percentages of abundance were very low (max 2.5%). L. lobatula, Elphidium spp. and Nonion granosum were rare, with percentages ranging from 0 to 5% while V. bradyana showed a trend of increase (Fig. 6) .
Lithology, isotopic analysis and benthic foraminifera of VIB 10 core
Sediments of lithofacies II covered the interval from w20.6 to w9 ka. This interval was characterized by the strongest variations in granulometry, with fluctuations of mud fraction from 53 to 98%. The sandy layers "a" and "b" were not generally considered as re-sedimented because some mollusks were in their living position, and no gradation was observed, even if some specimens of benthic foraminifera, found in the sandy layer "c", were probably displaced. Sandy layers "a", "b" and "c" were characterized by peaks of abundance of sands with high percentages of grains >1 mm (Figs. 4 and 6); The strongest d
18
O M.padanum variations were recognized in coincidence with these layers, with values ranging from 2.4 to 1.4& (Fig. 4) . Layers "b" and "c" were also characterized by the presence of several species typical of nearshore association such as Ammonia group, Elphidium group, Asterigerinata group, L. lobatula, N. granosum. Here, a drastic decrease of outer shelf species such as Bolivina, Bulimina, Uvigerina and V. bradyana was recognized; they showed an anti-correlative behavior with respect to the nearshore species.
The seismostratigraphic pattern, benthic assemblages and the age model indicate the presence of a hiatus from w20.6 to w15 ka in sandy layer "c".
Lithofacies I, from w9 ka to the present, was characterized by the rapid increase of mud fraction (95e99%), while d
18 O M.padanum displayed weak fluctuations between 1.4 and 0.6&. This interval was also characterized by the drastic decrease, or disappearance, of the inner shelf species, i.e. L. lobatula, Ammonia group, Elphidium group and N. granosum and by the increase of Bolivina, Bulimina, Uvigerina and V. bradyana ( Fig. 6 and Table 2 ).
Discussion
The studied core was subdivided into three lithofacies on the basis of the seismostratigraphic pattern, sedimentological features, benthic foraminiferal assemblages and d
18 O record of benthic foraminifera.
5.1. Lithofacies III (from w41 to w20.8 ka)
During this interval, the thin sedimentary layers showed an aggradational stratal pattern, with the characters of a condensed section that corresponds to the lower part of the VIB 10 core. This sedimentary body could correspond to the upper part of the interval included between the last depositional sequence and the upper part of the previous one. In particular, its geometry is typical of the falling stage systems tracts (Vail et al., 1991; Hunt and Tucker, 1992; Sacchi et al., 2009 ). This body was bounded at the top by an erosional truncation that corresponds to the w20 to w15 ka hiatus in the core. This erosional truncation (erosive regression) was caused by the sea-level fall of w115 m at its maximum stage started during the Last Glacial Maximum. Moreover, the seismostratigraphic analysis allowed a reconstruction of the depositional events that characterized the studied area during the last w41 ka, describing high frequency transgressioneregression cycles. Sediments of this interval were characterized by high percentages of mud fraction and high percentages of abundance of benthic foraminifera. In particular, benthic foraminiferal assemblages were dominated by Bolivina, Bulimina, Uvigerina (Fig. 6) , typical genera that prefer to live at depths deeper than 50e70 m. V. bradyana was also common with percentages of abundance between 8 and 20%, on the contrary, Ammonia and Elphidium, species that proliferate in shallow water environments and generally prefer to live between 0 and 80 m, with a maximum of abundance between 0 and 40 m (Sgarrella and Moncharmont Zei, 1993; Sen Gupta, 1999) were present with percentages >3%. Furthermore the Ammonia group is highly tolerant of rapid changes in water salinity and for this reason it can survive in estuarine environments. Asterigerinata and L. lobatula are typical of shallow water, but their abundance is above all linked to the presence of vegetation and coralligenous biocoenosis on the sea-floor. The low percentages of Ammonia and Elphidium, the contemporaneous presence of high percentages of Bolivina, Bulimina and Uvigerina, together with the absence of L. lobatula and Asterigerinata spp., suggest a paleodepth of 60e80 m, with strong inputs of continental fresh water (Fig. 7) .
According to Cacho et al. (2001) between 41 and 21 ka in the western Mediterranean sea surface temperatures were cooler by 5e10 compared to today. In the Mediterranean area there is no palaeo sea-level curve during this interval (Lambeck et al., 2011) . However, the situation was not very different from that in Red Sea where the sea-level was 60e80 m lower than today (Siddall et al., 2003 to those measured during the Climatic Optimum. The coastline was probably shifted 2e4 km seaward (Fig. 1 ) so that fresh water inputs from the five rivers arriving into the Gulf of Termini could have contributed to the decrease of d
18
O values of surface sea water. As the water depth at the site of the core Vib 10 would have been about 50e80 m, dilution was also affecting the bottom water. The lower d 18 O M.padanum values have thus been correlated with the warm humid periods, labeled as Dansgaard/Oeschger events, alternating with cooler events, well identified in the NGRIP isotopic curve. This interval also included the H4, H3 and H2 events at e39, w30and w24 ka, respectively. 5.2. Lithofacies II (from w20.6 to w9.0 ka) During this interval the sedimentary succession lying above the erosional truncation showed an aggradational stratal pattern and can be interpreted as the transgressive systems tracts of the last depositional sequence. Here, the coastal facies progressively migrated landwards (transgression) (Figs. 3 and 7) . This sedimentary body was bounded by a high amplitude reflector (see 2 in Fig. 3 ), correlable to the sandy layer "b" in the core, that corresponds to a minor sea-level fall during GI-1b and the Younger Dryas events. In this stage the coastal facies moved seawards (moderately erosive regression) (Fig. 7) . This interval was characterized by the strongest variations both in the mud fraction, by the highest percentages of shallow water benthic foraminifera species and by large variations of the d 18 O M.padanum values. The sandy layer "c" was considered as the sedimentary expression of the maximum sealevel fall due to the Last Glacial Maximum with an erosional surface between w20.5 and w15 ka (Figs. 6 and 7) . In particular, Ammonia, Nonion, Elphidium and epiphytic forms become relatively abundant into the layer "c"; this sedimentological variation was well recognizable also by the increase of d 18 O M.padanum values. The upper part of sandy layer "c" has been correlated to the H1 (Fig. 4) . From w14.5 to w12.8 ka, the shift of d 18 O M.padanum values was attributed to the Bølling/Allerød period. This warming period, alternating with minor cool events, caused the ice sheet to melt and consequentially the sea-level to rise, indicated in the VIB 10 core by the increase of mud fraction, the decrease of shallow water benthic foraminifera species and the increase of Bolivina, Bulimina and Uvigerina. This change in benthic foraminiferal assemblages suggested a rapid rising of the sea-level of about 20e30 m. The coldest event (GI-1b), into the Allerød period, corresponds to an abrupt change in sedimentation rate with the deposition of the sandy layer "b" that persists up to the end of the Younger Dryas. During this short period, the percentage of sands increases up to 18e20%, together with shallow water benthic foraminifera species. Epiphytic forms, typical of 20e40 m depth, reached the highest percentage of abundance. Thus, the data indicated a sea-level fall of about 20e30 m during the GI-1b event, even if Lambeck et al. (2011) did not describe any sea-level fall during this period, along the northern part of the Sicilian coast.
Lithofacies I (from w9.0 ka to today)
The seismostratigraphic pattern is characterized by an aggradational to retrogradational geometry that testifies the transgressive to highstand systems tracts, linked to the sea-level rise and to a landwards shift of the coastal facies (transgression) up to the present-day sea-level and coastal facies distribution. This interval is characterized by the stability of the d
18
O M.padanum values and of the benthic foraminifera assemblages that were dominated by Bolivina, Bulimina and Uvigerina. The warming trend was due to the rapid increase of 8e10 of Earth's mean temperature (Siddall et al., 2003) , also well indicated in the sea surface water of the Mediterranean basin (Cacho et al., , 2002 Sbaffi et al., 2001; Kuhnt et al., 2007; Melki et al., 2009; Numberger et al., 2009) , that caused the ice sheet melting and the consequent abrupt sea-level rise. According to Lambeck et al. (2011) from 11.5 to 9 ka the sea-level rose by 35 m.
The whole described sequence, shown in the seismic profile, is involved in a tectonic event caused by low-angled faults (Fig. 3) . The displaced layers appear to be successively slightly deformed of w10 m, that suggest sinetectonic activity.
Conclusions
A micropaleontological and isotopic study performed on a sedimentary core collected in the continental shelf along the Sicilian coast has been compared with the seismostragraphic analysis of the studied area. It allowed reconstruction of the paleoenvironmental and the paleoclimatic history of the southern Tyrrhenian Sea during the last w41 ka. In particular, lithological variations, drastic changes of the benthic foraminiferal assemblages and of the d 18 O M.padanum values highlighted an alternation of warm and cold periods linked to eustatic fluctuations during the last climatic cycles.
All data support the identification of two abrupt sea-level falls; the first sea-level fall between w20.5 and 15 ka produced a sea-level fall of w115 m with the consequent subaerial exposure of the depositional site of VIB 10 core. During the second sea-level fall of w20e30 m, the paleodepth of the depositional site of Vib 10 was 50e60 m; this fall started at w14 ka, and was at maximum in coincidence of the cooling GI-1b at 13.4 ka. From 41 to 20.8 ka, the north Sicilian continental shelf underwent the influence of local factors, as inputs of fresh water from the continental area that modified the d 18 O M.padanum values. These inputs were amplified by sea-level falls and by the migration of the coastline seawards so that river mouths were closer to the depositional site of the VIB 10 sediment core.
